. The type of voltage-dependent Ca2' channels that has been most studied is that inhibited by 1,4-dihydropyridines such as nitrendipine and also by phenylalkylamines [such as desmethoxyverapamil (D888) and verapamil], diltiazem, and bepridil (5-7). The transverse-tubular (T-tubule) membrane of skeletal muscle (8, 9) , is an excellent source for the biochemical isolation of Ca2+ channels, containing large amounts of 1,4-dihydropyridine and phenylalkylamine receptors (5); Ca2+ channel protein has now been purified from skeletal muscle T-tubule membranes, and its subunit structure has been determined (10, 11).
The different types of voltage-dependent Ca2l channels in neurons and in cardiac and skeletal muscle cells vary in biophysical and pharmacological properties (1) (2) (3) (4) . The type of voltage-dependent Ca2' channels that has been most studied is that inhibited by 1,4-dihydropyridines such as nitrendipine and also by phenylalkylamines [such as desmethoxyverapamil (D888) and verapamil], diltiazem, and bepridil (5-7). The transverse-tubular (T-tubule) membrane of skeletal muscle (8, 9) , is an excellent source for the biochemical isolation of Ca2+ channels, containing large amounts of 1,4-dihydropyridine and phenylalkylamine receptors (5); Ca2+ channel protein has now been purified from skeletal muscle T-tubule membranes, and its subunit structure has been determined (10, 11) .
Neuroleptic drugs [phenQthiazines, butyrophenones, diphenylbutylpiperidines (DPBPs), etc.] are a group ofchemically diverse molecules that have the ability to relieve schizophrenic symptoms. The DPBP class includes molecules such as fluspirilene, penfluridol, and pimozide. Fluspirilene and penfluridol, for example, are effective longacting neuroleptics particularly useful in the maintenance therapy of schizophrenic patients (12) . Recent work (13, 14) has shown that this class of molecules inhibits [3H]nitrendipine binding to rat brain and heart microsomes and has suggested that these antipsychotic drugs may have inhibitory properties at the Ca2+ channel (13 Preparation of Membranes from Rabbit White Skeletal Muscle. T-tubule membranes were prepared from rabbit white skeletal muscle as previously described (8, 15) . Protein concentrations were assayed as described (9 Cell Cultures. Primary cultures of thigh muscle of newborn rats were prepared as previously described (18) . Myoballs were obtained by adding colchicine (10 nM) to the culture medium when cells had reached the early myotubular stage of development (18) .
Electrophysiological Measurements. Voltage-clamp experiments were done at room temperature (20-220C) on rat myoballs in the whole-cell configuration as previously described (19, 20) . Table 1 ). Neuroleptics that do not belong to the DPBP class, such as trifluoperazine, chlorpromazine, haloperidol, and the dopamine receptor antagonist domperidone have a higher Kd value, around 350-900 nM. (Fig. 3 and Table 1 ).
RESULTS

Equilibrium
The order of potency of these molecules for the inhibition of (Ko.5 = 1000 nM), trifluoperazine (Ko.5 = 630 nM) and chlorpromazine (KO.5 = 400 nM) (Fig. 3) . Fluspirilene induces a decrease of the Bma,, value for (-)[3H]D888 binding with no significant change in the Kd (2.0 ± 0.5 nM) (Fig. 3 Inset) .
Verapamil, gallopamil, bepridil, and diltiazem are known to be competitive inhibitors of (-)[3H]D888 binding to T-tubule membranes (9, 16 (4, 20) . This study was restricted to Ca2" channels that are inhibited by 1,4-dihydropyridines.
The blocking effects of (-)D888 and fluspirilene were investigated with two experimental protocols. In the first protocol (I) depolarizing test pulses of increasing amplitude were applied from a holding potential of -80 mV before and after the external application of the compounds. In the second protocol (II) the possible voltage dependence of the drug effect was investigated by exposing the myoball to a fixed concentration of (-)D888 orfluspirilene at a holding potential of -80 mV until a steady-state effect on the current was reached. Next, the membrane potential was held for 3 min at -40 mV in order to expose the inactivated state of the Ca2l channel to the drug, and then the membrane potential was resting state before the test pulse. Fig. 5A shows that 1 AuM (-)D888 blocked about 70% of the Ca2l current under protocol I and almost 100% of the current with protocol II. Under the two protocols, fluspirilene was a more potent blocker of the Ca2l channel than (-)D888, since it blocked about 40% of the Ca2l current at 0.1 nM (Fig. 5 B and D) and over 80% at 1 nM (Fig. S C and D Fig. 2A, Fig. 3 , and Table 1 ) than DPBP neuroleptics. These affinities are lower by a factor of 300 to 1000 than those found for the same compounds for the D2-dopamine receptor in brain membranes (Kd = 1-10 nM) (13, 21 Electrophysiological experiments using the whole cell patch-clamp technique have definitively shown that fluspirilene, which is the most active DPBP molecule in binding assays, is a very effective Ca2+ channel blocker. Nearly complete block was obtained at 1 nM, and half-maximal inhibition was seen near 0.1-0.2 nM (Fig. 5 B and C) (20) . The Kd of the (+)PN 200-110-Ca2+ channel complex when the Ca2+ channel is in its resting state is 13 nM (20) . Clearly, fluspirilene is also more active than (+)PN 200-110 on muscle Ca2+ channels in the resting state.
The Kd values that have been found for fluspirilene in nerve, cardiac, and smooth muscle membranes are 35, 50, and 50 nM respectively, as compared with 0.11 nM for skeletal muscle membranes (unpublished data). This observation substantiates the hypothesis that different types of voltage-dependent Ca2+ channels exist in different tissues.
Fluspirilene and pimozide have a higher affinity for Ca2+ channels in skeletal muscle than for D2-dopamine receptors (IC50 is 6.5-22 nM and 4-8 nM, respectively) in brain membranes (13, 22) . One Fig. 2 ). The Ca2+ channel-blocking activity of DPBP molecules may be related to the activating and anti-anxiety properties of these drugs in psychovegetative disorders (23, 24) . The efficacy of fluspirilene in blocking Ca2+ channels at very low concentrations can be paralleled with the very low doses of the molecule (1.5 mg per week) known to influence mental condition in the direction of anxiolysis, relaxation, and increased self-confidence (23) .
